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'(54) Title: COLLECTION AND DISPLAY DEVICE

:(57) Abstract

the chamber.

The present invention relates to a device for assessing a fluid sample, characterised in that it comprises: a) a floid receptor
means adapted to receive a sample of a fluid from an external source; b) a substantially closed chamber adapted to receive fluid
from the receptor means by means of fluid flow connection therebetween, the chamber having at least part of a wall thereof pro-
-vided by a member carrying one or more reagents adapted to respond to one or more components of the fluid sample and adapt-
ed to give an indication of that response which can be detected from the exterior of the chamber. The invention also provides a
method for assessing a fluid sample in which the sample is placed in the reeeptor of a device of the invention and allowed to con-
tact the reagent(s) within the chamber to provide a colour or other reaction which can be detected externally through the wall of
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The present invention relates to a collection and dlsplay'

device, notably to one for recelvmg a sample of a fluid and
for presentmg that to a reagent pad integral with the
sample receiving device.

BACKGROUND TO_THE INVENTION:

samples of blood and other bodily fluids, for example urine,
sputum etc., are frequently collected and analyzed to

.monitor the state of health of a human or other mammal or to

identify the presence of an organism. Typically, the sample
is collected in one vessel and then transferred to a
separate reagent unit where a colour or other visible or
non-visible indicator is devéloped by interaction of the

-sample with one or more reagents. The'reagent' unit or. part

thereof is then discarded, often wii:h at least some of the
sample still carried thereon in a state where it can c;oxitact
the user and/or other parts of the test equipment.. Such
systems are cumbersome and ca:.‘rj‘the risk that there will be
cross-infection or contamination between samples and the
risk “of infection of the user from the samples or the
discards. ' |

It has therefore been propos'ed to provide the neéessary’ :

reagents in a pad upon a disposable carrier strlp so.that

'the test is carned out by applying the fluid to the reagent

pad, monitoring the pad for the required colour or other

change and then disposing of the pad and any remaining
sample.  This reduces the risk of cross-contamination
between samples prior to monitoring the colour or other
change in the ’r.eagent pad. However, there remains the

' problem of cross—contamnatlon at the instrument where the

response of the reagent is assessed, since the reagent pad

/
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and the fluid carried on it are exposed and can be contacted

by the user or by exposed parts of the test apparatus.

This can be reduced by providing each patient with their own
reagent response assessment unit, but this is impractical
where a large number of people are being monitored at a
single site, for example in a hospital. Furthermore, many
people, notably the blind, infirm or very young, have
difficulty in operating such a system + thus requiring that
the tests on the samples. of their bod:.ly fluids be carried
out by a _third party .This is 1nconven1ent and re-
mtroduces the r:.sk of cross-contamnat.mn, espec1a11y where
such tests are carr:.ed out at a central location to reduce
the costs of haVJ.ng to provide 1nd1v1dua1 test units.

of the J.nventlon does not expose the collected sample, as is
the case with current sample reagent test strips and . the
like, it is possible to monltor the changes in the reagent
at a central location with reduced risk of cross-infection.
Due to its combined function as a sample collector and

reagent holder + the system of the invention readJ.ly lends

itself to use by the b11nd infirm or young.

. SUMMARY OF IHE 'INVENTION:

' Accordlngly, the present J.nventlon prov:xdes an mtegral
""‘_fluld sample collector and sample assessment dev:.ce + Which

device is characterised in that it compnses.
a. a fluid receptor means adapted to receive a sample of

~ a fluid from an external source;

b. a substantlally closed chamber adapted to recelve fluid

from the receptor means’ by means of fluld flow connect:.on

therebetween, the chamber having at 1east part. of a wall

PCTI/GB91/01896
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thereof provided by a member carrying one or more reagents
adapted to respond to one or more components of the fluid
sample and adapted to give an indication of that response
vhich can be detected from the exterior of the chamber.

Preferably, the chamber has means to vent or accommodate air

displaced by the fluid entering the chamber.

Preferably, the chamber and the f£luid receptor are connected
by a capillary bore so that the sample is drawn by capillary

action into tbe chamber.

Preferably, the device is in the form of a machined or

‘moulded metal, glass or plastic unitary construetion body

member comprising a cup or recess having an exposed open top
into which the sample to be tested is placed. The cup or

recess is'oonnected by a bore to a chamber within the body

vhich has one face thereof formed at least in part from a
demountable generally planar member which cerries the
feagenﬁ for the test_to be carried out on‘or accessible from
one face thereof and adapted to provide a visual display of
the response from the reagent to the sample at the other
face thereof.  The invention is not however limited to
visual display of the response. It may be possible for the
response to be'detected as a response out51de the visible
spectrum, for example in the infra-red or- ‘ultra-Violet"’
spectrum. For convenience, the invention will be described

" hereinafter in terms of a reagent system which develops a

colour in response to contact with the bodily fluid.

" The dev1ce of the invention is of espec1al application in

testing blood samples for glucose and for convenience, it
will be described with respect to this preferred use.
However, it will be appreciated that the dev1ce can be used
to test for ohe or more components in a wide range of other
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bodily fluids, for example blood or glucose ib urine.

Preferably, the deVice is in the form of a generally
cylindrical body having the cup or recess located at one end
5 thereof with an axial bore leading to an axial chamber
having the demountable member forming either an axial or
' transverse wall thereof. It is, however, preferred that the
device have a diameter larger than its axial length and that
the chamber have its transverse end wall remote from the

10 axial inlet bore provided w:.th the demountable member.

" The Cup or recess which is to act as the sample receptor
means can be of any suitable size and shape. However, it
' w:.ll usually be preferred that the exposed open top to the
15 cup ‘or recess have an upstanding rim so that a user can
~ present a finger carrying a drop of blood thereon to the
‘open end and can draw the tip of the finger over the
* upstanding’ rim to aid transfer of the drop of blood from the
finger tip into the Cup or recess. Typically, the cup or
20 recess will have a generally circular cross-section and will
be formed by drilling or moulding an axial bore into one end

of the body of the device.

The body member is prov1ded with a bore. which is to transfer
25 " the sample from the Cup or recess to the chamber w:.thin the
' body. The bore is preferably a straight axial bore which
"'connects the base of the cup or recess with the inlet to the
chamber. Preferably, the bore is provided as a bore moulded
or drilled into the body member with its axis substantially

30 co-incident ‘with the longitudinal axis of the body member.
- However, the bore may be provided by a length of a metal,

- for example stainless steel, capillary bore tube moulded
? =integra11y with the body member.

35 ‘As indicated above , the bore is prefera.bly‘ a c,apillary bore

-
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| so that the blood sample i's drawn into the chamber from the

cup or recess. However, the bore need not be a capillary
bore and the blood sample can be caused to flow under the
influence of grav1ty between the cup and the chamber. Thus,
the bore can have a dlameter of from 0.25 to 2.5 mms,

. notably from 0.5 to 1.5 mms. For convenience, the .mventlon

will be described hereinafter in terms of a capillary bore.

The chamber can be of any suitable shape or size and is
convexu.ently formed during the moulding or machining of the
body member so that it is a generally cylindrical chamber

with its. axis substantlally co-incident with that of the

body member. As indicated above, it is preferred that the
chamber have an open end 'face, for example by being formed
by drilling a suitable recess axially into the end face of
the body member opposite to that where the sample receptor
cup is located. However, the chamber can be formed with: the
open face as part of the side wall of the chamber.

For convenience, the invention will be described hereinafter .
in terms of a generally cylindrical body member having the
receptor cup at one and thereof and with the open face to
the chamber at ‘the other ~end, the cup, capillary bore and
chamber all being located with their longitudinal axes
substant:.ally co-mcident, whereby the device is radially
symmetrical.

“The chamber receives the. eample i:h’rough ben inlet. from the

capillary bore, wﬁi_ch is -preferabiy merely the outlet to the

bore. The volume of the chamber is selected so that
sufficient fluid is drawn into the chamber to activate the

reagent(s) in the demountable member to the desired extent.
The chamber can have an Aax1a1 dimension which is
suffic:.eni;ly small so that the fluid entering the chamber
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flows by capillary action over the internal faces of the
chamber and onto the inner face of the demountable member
forming the fluid testing member so as to ensure uniform
 wetting of the member with the fluid to be tested. However,
5 where it is necessary to employ dimensions which do not
- achieve this, for example due to manufacturing restrictions,
it may be necessary to achieve the spreading of the fluid by
"flicking"” the device transversely or axially to aid
transfer of the sample through the capillary bore and onto
10 the surface of the test member.

Typically, the chamber will have a transverse diémeter to
axial depth ratio of from 12:1 to 5:1, It is also preferred
‘that the axial depth of the chamber be from 0.5 to 1.5 mm to

15 ensure-adequate spread of blood or »othér fluid over the
: walls of the chamber. ‘

Alternatively, the chamber can be dimensioned so that the
-fluid will form ‘a droplet at the chamber end of ‘the
20 capillary bore. The droplet can then be detached to fall at
an accurately known position bn the test _member ~surface
forming part of the opposite wall. If required, the outlet
to the capillary bore can be provided with a sharp rim to
~ aid separation of the droplet from the bore outlet and/or
25 the walls of the chamber adjacent the bore outlet can be
given a surface coating of a material vhich is not readily
wet by the fluid entering the chamber. For exaihple_ , the
internal surfaces of the chamber can be 'given a coating of .
a polytetrafiuoroethylene po]:_ymer or part of the chamber

30° - walls can be formed from such a material. |

By forming the chamber so that the fluid forms a droplet at
the outlet to the capillary bore rather than spreading over
"the inner walls of thé’chari;bér', the droplet fails upon a
35 restricted area of the chamber wall opposed to the outlet of
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the capillary bore rather than uniformly wetting the walls
of the chamber. It is thus possible to limit the lateral

"spread of the droplet over the test member and to

concentrate it at a given location. We have found that this
enables satisfactory results to be achieved with a smaller
sample than hitherto, for example to use from 30 to 70% of
the sample hitherto considered necessary.

Typically, the dtoplets formed at the outlet to a tube have
a diameter of from 1 to 5 times the internal bore of .the
tube outlet. Therefore, where transfer of the fluid from
the capillary bore to the test member is achieved by
detachment of a droplet, it is preferred that the chamber
have an axial depth of from I to 5 mm. If required, the
droplet formed at the end of the bore can be detached by
rapplng the device sharply, for example by fllcklng it with
a flnger or tapplng it sharply onto a surface.

It will be appreciated that the axial depth of the chamber
may not be'sufficient, for example due to manufacturing
requirements, to permit the droplet to form completely and
detach from the capillary bore outlet. 1In such a case, the
meniscus of the fluid may contact the opposed face of the
test member so that the fluid then forms a bridge between
the member surface and the outlet from the capillary bore.
Again, it may be necessary to flick the device axially or
transversely to achieve contact between the meniscus and the
surface of the test member.

The chamber 1s preferably also provided with means whereby
air dlsplaced by the fluid as it enters the chamber can be

'accommodated or vented, notably where the fluid reaches the

reagent pad by wetting the walls of the chamber. The walls
of the chamber can be formed with a bellows or flexible
section to allow the internal volume of the chamber to be
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increased to achieve this. .However it is preferred to vent
the displaced air from the chamber so as to retain a simple

and substantially rigid structure for the dev:.ce.

Preferably, , that radial wall of the chamber adjacent the

fluid inlet to the chamber is provided with air vents, for

example simple radial or axial bores in the chamber wall.
The optimum number and size of such bores can readily be
determined by simple trial and error tests. It is preferred
that such air vent bores have a diameter Wthh is
sufficiently small to prevent capillary action drawmg fluid

:Lnto those bores.

As stated above, at least part of one wall of the chamber is

provided by a test member 1ncorporat1ng one or more reagents

to respond to one or more components in the sample beJ.ng'
assessed. The reagents can be any of those conventionally
used to test blood or other flulds and can be incorporated
into the test member as a surface pad on one face of the
member or can be impregnated into the material from which
the member is made so that the flu:—.d can access the reagents

- when it contacts the surface of the test member. ~ The test
-member is one which preferably develops some v:.sual response

to the component of the fluid being assessed and th:l.s

‘response is viewed from the outside of the chamber, for

example by forming the test member as ‘a transparent or

‘translucent sheet carrylng the reagent pad on one face
thereof.

The test member can be formed as a sheet member, optlonally
in a su:.table support frame, whlch is clamped or otherw:.se
affixed to the open face of the chamber. However, it is

'part:.cularly preferred to form the test member as a disc of
- sheet material secured to ‘the chamber by adhesive, and to

prov1de the reagent as a pad located generally centrally
upon the internal face of that dlSC. The dJ.sc is appl:.ed to

PCT/GB91/01896
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" the end wall of the chamber which is formed with a circular

aperture through which the f£luid can spread to wet the inner
face of the disc. The disc preferably has a blanking or
opaque annular member or component so that the area of the
disc visible from the outside of the chamber coincides with
the area of the reagent pad on the inside of the disc. 1In
this way the position of the area of the device of the
invention to be inspected to monitor the colour or other
change in the reagent pad can be accurately predicted. This
aids mechanical observation of the change using optical or
other means at a central processing location, rather than
relying on visual inspection. Furthermore, such a
construction is of especial benefit when the fluid is
applied to the reagent pad as a droplet detachlng from the

‘capillary bore outlet as described above.

The device of the invention readily lends itself to
manufacture as a plastic moulding to which a standard shape
and form of reagent disc can be applied over:the open end
face of the chamber to provide a closed chamber into which
the blood or other sample is drawn aﬁtomatically by
capillpry action from the sample receptor cup. The sample
is thus retained within a closed environment and the risk of
cross-contamination between samples is much reduced. The
sample in the device can then be assessed mechanlcaily'with
reduced risk of cross-contamination at the test device, yet
is simple and easy for the aged or infirm to use. Since the
device can be accurately located in a suitable test device
and the p051t10n of the test member fixed w1th respect to
the -test dev1ce, the device of the invention can readily be
used by the blind.

DESCRIPTION OF THE DRAWINGS:

A preferred form of the device of the invention will now.be

PCT/GB91/01896



. WO 92/07655

10

15

20

25

30

35

PCT/GB91/01896

- 10 -

described by way of illustration with respect to the
accompanying drawings in which Figurev 1 is an axial cross-
section through the device; and Figure 2 is an exploded
perépective view of the components of the device.

DESCRIPTION OF THE PREFERRED EMBODIMENT OF THE INVENTION:

The device comprises a cylindrical housing member 1
injection moulded from a suitable plastic, for example a
polystyrene; or machined from a metal such as stainless
steel; or glass. At one end, the housing is formed with a

sample receiving cup 2 connected to an axial capillary bore

3. The cup 2 has a rim 4 against which a user can draw his
fingertip so as to transfer a drop of blood into the cup 2.
Capillary bore 3 connects the base of cup 2 with the chamber
5 formed in the other end of the device. Chamber 5 has an
open end face which is closed by applying an adhesive disc
6 to the amnular rim 7 of the chamber. The chamber 5 is
vented to the atmosphere by axial vent bores 8. Preferably,
the housing, chamber, bore, cup and vent bores are formed
Smetricaily about the longitudinal axis of the housing.

The disc 6 carries substantially centrally thereon a reagent
pad 9 .and disc 6 is formed from a suitable transparent
plastic so that the outer face of pad 9 can be seen through
the material of the disc. A maski_ng_ annular disc 10 is
affixed to the outer face of disc 6 which serves both to
mask the outer edge of the disc 6 and to support. the central
area of the disc. 1In an alternative form of disc 6, the
reagent can be impregnated into the material of the disc and
the masking rim 10 can be an integral part of the
construction of the disc as opposed to being a separate
component as shown.

In use, a user wipes his finger across the rim of cup 2 to
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transfer a drop of blood into the cup. The blood travels

along capillary bore 3 due to capillary action and either
spreads over the internal walls of chamber 5 to wet the
reagent pad 9 or forms a droplet (shown dotted in Figure 1)
which detaches to fall directly onto the reagent pad 9. The
blood sample is contained within chamber 5 and there is
little risk of escape of the blood to contaminate the user,
other samples or any test machine in which the response of
the reagent is assessed. The reagent responds to one or
more of the components in the blood in the usual manner and
this réspohse can then be observed through the circular
viewing aperture in rim 10 from outside the container.
Again, this response can be viewed without the need to
remove the blood from chamber 5, further reducing the risk
of cross-contamination.

Once the response has been generated, it can be observed and
the device then discarded. Since the device is of known
shape and dimensions and the location of the viewing
aperture in rim 10 are accurately known, the device can
readily be mounted in a suitable receptacle in a response
monitoring device so that the outer face of disc 6 can be
observed at the position of pad 9. The device can thus
readily be handled mechanically where large numbers of
samples are to be processed, or thé device can be readily

handled by a blind or infirm person to locate it in a

\ * 3 .
monitoring device.

The invention thus also provides a method for testing a
fluid sample for the presence of a component or property
therein, which method is characterised in that the sample of
fluid is applied to the receptor of a device as claimed in
any one of the preceding claims, the fluid is allowed to
flow through the bore to the chamber and to contact the

reagent(s) carried by the wall thereof; and observing the
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response of the reagent(s) to the fluid externally through
the wall of the chamber.
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CLAIMS:

1. A device for assessmg a fluid sample, characterised in
that :Lt comprlses. :

a. a fluid receptor means adapted to receJ.ve a sample of
a fluid from an external source;

b. a substantially closed chamber adapted to receive fluid
from the receptor means by means of fluid flow connection
therebetween, the chamber having at least part of a wall
thereof provided by a member carryix'i'g one or more reagents

‘adapted to respond to one or more components of the fluid

sample and adapted to give an indication of that response
which can be detected from the exterior of the chamber.

2. A device as claimed in claim 1-, characterised in that
the device is in the form of a machined or moulded metal,
glass or plastic unitary construction body member comprising
a cup or recess h‘aving an exposed 'open top into which the
sample to be tested is placed, the cup or recess being
connected by a-bore to a chamber within the body which
chamber has one face thereof formed at least in part from a
demountable generally planar member which carries the
reagent for the teést to be carried out on the sample, vhich
reagent is 1located on or access:.ble from the chamber
adjacent face of the member and is adapted to provide a
visual display of the response from the reagent to the
sample-at the other face thereof .

3. A device as claimed in either of claims 1 or 2,
characterised in that the chamber is prov:.ded with means to
vent or accommodate air dlsplaced by the fluid enterlng the
chamber. ' '

4. A device as claimed in any one of the preceding claims,
characterised in that the chamber and the fluid receptor are

PCT/GB91/01896
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connected by a capillary bore.

5. A device as clalmed in any one of the preceding claims '
characterlsed in that it is of a generally cylindrical form
havmg the fluid receptor located at one end thereof and the
chamber at the other end thereof and having an axial bore
fluid flow connection between the chamber and the receptor.-

6. A device as claimed in any one of the preced.mg claims,
characterised in that the reagent(s) are provided upon a

demountable member forming at least part of a wall to the
chamber

7. a deﬁrice as ciaimed in clai.in 6, characterised in that
the demountable member forms at least part of the transverse
end wall of the chamber.

8. A device as clalmed 1n eJ.ther of claims. 6 or 7,
characterised " in that the demountable wall comprises a
transparent or translucent planar member having applied
thereto and access:.ble from one face thereof the reagents.to
respond to the fluid sample and adapted to provide a visual

response to the fluld sample through the other face of the
member’,

9. A device as cla:.med in any one of the precedlng claz.ms,
characterlsed in that the chamber has an internal transverse
diameter to axial depth ratio which is from 12:1 to 5:1.

10. A de\uce as claimed in clam 1, charactensed in that
the bore has ‘a cb.ameter of from 0.25 to 2.5 mms and the
chamber has an axial depth of from 0.5 to 5 mms.

~11. A dev:.ce as claimed in any one of the precedmg claims,

charactensed in that the reagent( s) respond to glucose in .
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a blood sample.

12. A device as claimed in any one of the preceding claims,
characterised in that the means for responding to the fluid
sample comprises a transparent or translucent substrate
adapted to be removably attached across an open end face of
the chamber, the substrate carrying one or more test
reagents applied to the chamber-directed face thereof and an
annular disc of an ~ opaque -material ' surrounding the
reagent(s) so as to restrict the development of the response
to the fluid sample to a predetermined area of the
substrate.

13. A device as claimed in claim 1 substantially as

hereinbefore described with respect to and as ‘shown in the
accompanylng drawings. ’

14, A method for testing a fluid sample for the presence of
a component or property therein, which method is
characterised in that the sample of fluid is applied to the
receptor of a device as claimed in any one of the preceding
claims, the fluid is allowed to flow through the bore to the
chamber and to contact the reagent(s) carried by the wall
thereof; and observing the fe’sponse of the reagent(s) to the
fluid externally through the wall of the chamber.

15. A method as clained in claim 14, characterised in f:hat
the fluid flo'w_s through the bore due to capillary action and

forms a drop or partial drop at the chamber end of the bore

which contacts the reagent carrying surface of the wall of

- the chamber so as to wet that wall.

16. A method as claimed in either of claims 14 or. 15,
characterised in that the fluid is blood and the reagent(s)
give a colour response to the glucose content of the sample.

PCT/GB91/01896
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REAGENT MIXTURES FOR GLUCOSE ASSAY

The present invention relates to a reagent mixture, notably to
a mixture of analytical reagents in a carrier gel which
provides enhanced consistency of the colour generated with the
elapse of time.

BACKGROUND TO THE INVENTION:

Blood samples are often assessed for the amount of glucose or
some other constituent therein by reacting the blood with one
Oor more reagents carried on a test stick or pad so as to
develop a colour which can be observed by an operator. For
example, a reagent pad can contain the enzymes glucose oxidase
and peroxidase and o-tolidine as the chromogen which turns blue
as the glucose oxidase oxidises glucose in the blood sample to
gluconic acid and hydrogen peroxide. The hydrogen peroxide
reacts in the presence'of the peroxidase with the o-tolidine to -
give a blue colour whose intensity depends upon the amount of
hydrogen peroxide released and hence the amount of glucose in
the blood. The reagents are usually put up in a gel matrix,
for example of a natural gel, for example a gelatin, or of a
synthetic polymer, for example a polyvinylpyrrolidone.

Hewever, problems arise in fhat the colour'is affected by the
time over which the blood sample is held in contact with the

 reegent pad, as well as the amount of blood in contact with the
‘reagents. It is therefore customary for such tests to be

carried out within a strictly monitored time schedule and the
results are often of dubious value due to inaccuracies in
observing the time schedule.

Surprisingly, we have found that the proportion of the reagents
to one another in the matrix affects the period over which a’
consistent colour is produced by the interaction of the blood
with the reagent 1f the proportions in the mixture lie within
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 certain limits, the colour produced is sufficiently constant

over a period of time for the need for strict adherence to a

_time schedule to be reduced.

SUMMARY OF THE INVENTION:

Accordingly, the present invention provides a blood test
reagent mixture composition comprising the enzymes glucose
oxidase and peroxidase and a chromogen which interacts with the
hydrogen peroxide from the oxidation of the blood glucose by
the glucose oxidase, characterised in that the glucose oxidase

- and the peroxidase are present in proportions which provide

from 300 to 700 Inter‘natidna_l Units (IUs) of glucose oxidase
and at least 20 International Units of peroxidase and in that
the chromogen is present in an amount which provides from 12 to

' 20 grams of active chromogen per 500,000 International Units of

glucose oxidase. Preferabiy,’ the glucose oxidase is present in
from 400 to 550 IUs per 27.5 to 32.5 IUs of peroxidase and the
chromogen is o-tolidine which is present in an amount of from
12 to 15 gs per 500,000 IUs of the glucose oxidase.

It is preferred that the reagent mixture be put up in a gel
matrix, notably a gelatin matrix, which provides from 200 to
400 gs of the matrix on & dry welght basis per 500,000 IUs of
the glucose’ ox:.dase.

It is particularly preferred that the reagent mixture/matrix be
absorbed in a micro-porous membrane carrier.

The enzymatic reagents as used herein can be present in any

‘suitable form, for example as the dry powdered active enzyme or

as a -precursor or addition product thereof which under the
conditions of the test to be carried out produces an active
enzyme in the reagent mixture. Thus, the enzymatic reagent can
be an actJ.ve enzyme, for example glucose oxidase or peroxldase,
or a stabilised form thereof,_ for example an acetate or other

e &
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salt or adduct thereof, which releases the active enzyme when
the reagent mixture is wetted.

For convenience, the invention will be described hereinafter in

terms of a mixture of glucose oxidase and perox:n.dase as
conventionally used in the assessment of glucose ‘in a blood
sample.

Similarly, the term chromogenic material is used herein to
denote any material which develops a property upon interaction
with one or more of the products produced when the enzymatic

reagent reacts with the blood sample to be assessed. Thus, the

term includes materials which develop ultraviolet fluorescence
or other detectable but not visible properties. However, it is
preferred that the chromogenic material be one which develop a
colour within the visible. spectrum, for example as when di-
anls.ldlne or o-tolidine reacts with the hydrogen. .peroxide
released when glucose in blood interacts with the glucose
oxidase in the reagent mixture. The chromogenlc materlal can
be used in the form of the actJ.ve material Or a precursor or
adduct thereof notably an inorganic acid salt thereof such as
the hydrochloride or sulphate, which releases the active
ingredient during the test.

For convenience, the invention will be desch.bed here:.nafter in
terms of- o-tolldlne as the chromogenic matenal.

The enzymatic reagent and chromogenic material are operatively
associated with one another so that they can interact under the
conditions of the test procedure. Typically, the reagent and
the chromogenic material wa.ll be put up in phys.wal admlxture
with one another. However, it is within the scope. of the
present invention to put up the reagent and chromogenic
material .m a two part form which is admixed. 1mmed1ate1y prior
to use; or in a form in which the reaction products of the
interaction of the enzyme reagent with the glucose in the blood
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sample dlffuse into a zone containing the chromogenlc materlal
to develop the colour therewith separately from the enzyme

;1nteractlon zone. Thus, for example, the enzyme reagent can be

concentrated at one end or one side of a reagent pad and the
chromogenlc ‘material at the other end or side.

For convenience, the invention will be described hereinafter in
terms of a pad of the reagent mixture containing'the_enzymatic
reagent and the chromogenic material substantially uniformly
distributed throughout the pad.

The reagent mixture. may contain other materials as is
customary, for example phosphate buffering agents,

: preservatlves, anti-coagulants or surface ‘active agents. Such

other materials are typlcally inert to the material to be
tested, the other constituents of the reagent mixture and the
products of the reactions and interactions which occur. durlng
the test procedure. Such other constltuents can be present in
the amounts normally used in such reagent mlxtures

As stated above, we have found_that‘if the enzymatic reagent
and chromogenic material are present in the reagent mixture
composition within spec1f1ed proportlons, the colour whlch the
1nteractlons between the materlal belng assessed and “the
various components of the mixture is surpr151ng1y stable .and
‘enables the colour to be observed over a w1der perlod of time °
than ‘hitherto. Thus, the enzymatlc reagents w111 typlcally'be
present in proportlons of from 400 to 600, notably 450 to 550,

Internatlonal Unlts (IUs) of glucose oxidase and at least 20 .

IUs, typlcally about 27.5 to 35 IUs of peroxidase in the
mixture. - The chromogenlc materlal will typlcally'be present in
an amount of from 12 to 17, notably from 13 to 16, grams per
500,000 IUs of the glucose oxidase. The optimum proportlons
within these ranges can be determined for any given case and a
given carrier by simple trial and error tests.
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-As stated above, the i—eagent mixture is preferably put up in a

matrix carrier medium so that the material to be assessed can
penetrate to the enzyme reagent and the ohronogenic material.
The matrix can be provided by a natural gum, jelly or gel, for
example a gelatln, agar agar, aspic or silica gel, or can be
provided by a synthetic polymer gel, for example a cellu1051c
gel or a polyvinylic resin gel. For convenience, the invention
will be described hereinafter in terms of the use of a gelatin
gel as the carner matr:.x.

This is convenlently achieved by mixing the enzyme reagents
into a premix of the gelling agent and the chromogenlc
material; and allowing the mixture to set in the desired form.
Alternatlvely » the enzyme reagent and the chromogenlc materJ.al
can be admlxed w1th a thixotropic gel carrler which is worked
for example by being stlrred to maintain it in the fluld state

'durlng nu.xJ.ng, but which is then allowed to set for storage and

transport prior to use.

, Alternatlvely, the matrix may contain the enzymatlc reagent and

chromogenlc materlal non-unlformly dlstrlbuted therein, as when
a gel 1ayer is formed which has a hlgh concentration of the gel
matrix in its upper layers to act a protectlve layer or ¢oating
for the reagent rich lower layers; or where the enzymatlc

‘reagent is located in a separate zone of the matrix from that
; conta.uung the chromogenlc materlal In this case, the product
‘from the interaction of the mater:.al beJ.ng tested with one or
‘morée of the enzymatlc reagents diffuses from the enzyme zone
"into the zone conta:uung the chromogenlc matenal to. develop a

colour as a separate stage in that zZone.

‘For convenlence, the 1nvent.1.on will be descrlbed herelnafter in
“terms of & reagent m:.xture whlch is un:.formly dlstrlbuted

throughout a gelatin matrix.

‘.3
>
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The matrix carrying the reagent mixture can be put up in a
number of physical forms, for example as test strips or discs
in which a pad of the matrix is applied to one faceé of the
strip or disc and the colour resulting from the interaction of
the material under assessment and the reagents and materials in
the matrix is observed visually agaiz;st the white background of
the support strip or disc or against a separate reference
background. Alternatively, the matrix can be put up in a
series of zones through which the reagent mnixture is
distributed so that the interaction of the material to be
assessed with the enzyme occurs in one zone and the- product of
that interaction diffuses to a second zone in which the colour
reaction takes place. 1In a further alternative, the reagent
mixture matrix can be absorbed or impregnated into the pores of .
a porous carrier to one face of which the material to be
assessed is applied and the colour developing within the matrix
is viewed from the opposite surface of the carrier. '

For convenience, the invention will be described in -terms of

the use of a pad or disc of a micro-porous membrane whlch is
impregnated with the reagent matrix. '

In a conventional blood test reagent mixture, the gel matrix i.s
a high molecular weight gelatin which is present in about 4% by
dry weight. However, where .the reagent mixture is to be

_absorbed into a micro-porous membrane, we prefer to ‘use a low

molecular weight gelatin, typically with a molecular weight in
the range 20,000 to 50,000. Where such a gelatin is present in
the amounts used hitherto, we have found that this results in
a gel matrix which cannot be held satisfactorily within the
pores of the membrane. On the other hand, we have found that
if the gel content of the reagent mixture composition exceeds
about 20% by dry weight, the gel inhibits the diffusion of
reaction products through the membrane and hence development ct
a colour reflecting the true extent of the interactions which
have occurred. We therefore prefer to provide the gel matrix
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as a low molecular weight gelatin in an amount of from 250 to
325 gs by dry weight per 500,000 IUs of the glucose oxidase

‘present in the reagent mixtrue.

:The invention will now be illustrated by the following Example

in which all parts and percentages are given by weight unless

‘stated otherwise.

A first solution was made by stirring together at room
temperature. 300 mls of de-ionised water, 200 mls of 0.5 Molar
sodium phosphate buffer to give a pH of -7, 100 mls of a 20% w/v
solution of the surfactant Gantrez and 300 gs of dry powdered
gelatin having a molecular weight in the range 25,050 to
40,000,

- A second solution was prepared by 'stirring togéther at 60° C
--for one hour 300 mls of .de-ionised water, 300 mils of

methoxyethanol and 15 gs of o-tolidine hydrochloride or
dianisidine hydrochloride.

The second solution was mixed'dropwisé with stirring into the
first solution and the mixture stood for 1 hour at 60° C.

A third solution was madé up by mixing 500,000 IUs of glucose
oxidase and. 30,000 IUs of peroxidase in a 0.1 Molar solution of
the spdium phosphate buffer.  This solution was mixed with
stirring into the other mixed solutions and filtered through a
O.L-micrometre aperture filter. )

The resultant solution was impregnated into a polysulfone resin
sheet (0.2 to 0.4 mms thick and having an average pore diameter
of 0.2 micrometres and an air permeability of 3 1litres per
minute per square centimetre af an applied pressure of 10 psiqg)
to provide 5 IUs of glucose oxidase, 3 IUs of peroxidase, 0.2
milligrams of o-tolidine and 4 milligrams of gelatin per square
centimetre of the membrane. : ' C :
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By way of comparison, the same membrane was impregnated with a
conventional reagent mixture to provide the conventional level

of enzyme and chromogen per square centimetre.

Blood sampies were applied to the faces of a n_umbej: of 6 mms
diameter discs cut from each of the membranes. With the
reagent compositions of the invention, a blue colour developed
after only 10 seconds. The hue and intensity of the colour
became stable after about 30 to 40 seconds and remained stable
for a further 30 to 40 seconds, thus allow:l.ng:' considerable -
lattitude for the time to observe the colour. By" Way of
comparison, the conventional formulatlons gave a colour wh:.ch
deepened in hue and intensity over 10 to 30 seconds after
applylng the blood sample, but th.ch degenerated after  a
further 15 seconds, giving little or no lattltude in the time
for observ:Lng the true colour.

From another aspect, the present invention ’prOVides a method

.for making a test reagent mixture of the :;.nventlon, wherein the

components of the mixture are adm1xed with one another to
prov1de a substantlally uniform mixture of the components.

‘The invention further provides a method for making a test

reagent mixture carried on a micrd—porous carrier medium,
wherein a fluid reagent mixture of the :anentJ.on is applled to
the carrier medium. Preferably, the mixture is applled by
1mpregnat1ng the medlum, for example by padding a sheet of the
carrier through a bath of the reagent mixture, and a110w1ng the
mixture to gel within the pores of the carrier. Preferably,
the gelled mixture blinds the bores of the pores of the carrier
so that rupture of blood or other cells due to capillary action
by the pores is reduced. Discs or other Shapes can 'be cut from
the impregnated carrler for mountlng on tests SthkS hav:.ng
apertures therein or as the end walls of sample receivers so
that the colour which develops in the carrier can be observed
from the opposite side to that to which the blood is applied.
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CLATMS:

1, A blood test reagent mixture composition comprising ‘the
enzymes glucose oxidase and peroxidase and a chromogen which
interacts with the hydrogen peroxide from the oxidation of the
blood glucose by the glucose ox1dase, characterised in that the
glucose oxidase and the peroxrdase are present in proportions
which provide from 300 to 700 Internatlonal Units (IUs) of
glucose ox1dase and ‘at 1east 20 Internatlonal Units of

‘perox1dase and in that the chromogen is present in an amount
,whlch provides. from 12 to 20 grams of active chromogen per
} 500 000 International Units of glucose oxidase.

2. A test reagent mixture as ‘claimed in claim 1,
characterised in that the glucose oxidase is present in from
400 to 550 1IUs per 27.5 to 32.5 IUs of peroxidase and the
chromogen is o-tolidine which is present in an amount of from
12 to 17 gs per 500,000 IUs of the glucose oxidase.

3. - A test reagent mixture as clalmed in either of claims 1 or
2, characterised in that it is put up 1n a gel matrix.

4. A test reagent mixture as clalmed in claim 3,
characterised in that the'gel matrix is’ a gelatln matrix, which
provides from 200 to 400 gs of gelatln on a dry welght ‘basis
per 500 000 IUs of the glucose oxldase. -

5. A test reagent mrxture as clalmed in any one of the
, preceding clalms, characterised in that the reagent mixture is

carrled by a micro-porous membrane.'

6. A,test reagent mrxture as clalmed in either of claims 4 or
5, characterised in that the gelatin has a. molecular welght in
the range 20, 000 to 50 000 and is present in an amount of from
250 to 325 gs by dry welght per 500,000 IUs of the glucose
oxidase.

SRR e
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7. A test reagent mixture according to claim 1, substantially
as hereinbefore described in the Example.

8. - A method for making a test reagent mixture as claimed in
claim 1, characterised in that the components of the mixture
are admixed with one another to provide a substantially uniform
mixture of the components. '

9. A method for making a test reagent mixture as claimed in
claim 5, characterised in that a fluid reagent mixture as
claimed in any one of claims 1 to 4 or claim 6 is impregnated
into the pores of a micro-porous carrier membrane.

10. A method for testing blood samples, characterised in that
it comprises applying blood to a test reagent mixture as
claimed in claim 1 and observing the colour which develops.

11. A method as claimed in claim 10, ‘characterised in that the
réagent mixture is carried by a micro-porous carrier membrane
and the blood is applied to one face of the membrane and the
colour is observed from the opposite face of the membrane.

WA ey Vs . et
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